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* NOTICES * 

■ t 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The field-effect transistor characterized by having established the source and a drain field in 
Si semi-conductor substrate, and forming the gate dielectric fihn which consists of oxide which contains 
two or more kinds of metals chosen from rare earth elements on said Si substrate in the field-effect 
transistor which comes to have a gate electrode on between the source and a drain field through gate 
dielectric fihn. 

[Claim 2] The field-effect transistor according to claim 1 characterized by being the solid solution which 
the oxide containing two or more kinds of metals chosen from said rare earth elements becomes from 
the oxide of rare earth elements stable as trivalent [ at least one or more kinds of], and the oxide of rare 
earth elements stable as at least one or more kinds of tetravalence. 

[Claim 3] The field-effect transistor according to claim 2 characterized by the ratio of rare earth 
elements stable as trivalent being in the range of 0.2 to 0.4 in the soUd solution which consists of an 
oxide of rare earth elements stable as trivalent [ said ], and an oxide of rare earth elements stable as 
tetravalence. 

[Claim 4] One or more kinds of oxides of rare earth elements stable as trivalent [ said ] are chosen from 
any of Dy 203, Eu03 and La 203, Pr203, Nd203, Sm203, Gd203, Tb203, Tm203, Yb203, Lu203, 
and Y203 they are. The field-effect transistor according to claim 2 to 3 characterized by having chosen 
one or more kinds of oxides of rare earth elements stable as said tetravalence from Ce02, Tb02, or 
Pr02, and forming said solid solution. 

[Claim 5] The field-effect transistor according to claim 1 characterized by crystal-face bearing carrying 
out priority orientation to the direction (1 1 1) in the oxide containing two or more kinds of metals chosen 
from said rare earth elements. 

[Claim 6] The field-effect transistor according to claim 5 by which it was being [ the priority (1 1 1) 
amount of preferred orientation of crystal-face bearing / 90% or more ] characterized in the oxide 
containing two or more kinds of metals chosen from said rare earth elements. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the field-effect transistor of MOS and metal- 
insulator-semiconductor structure with respect to a semiconductor device. 
[0002] 

[Description of the Prior Art] Improvement in the speed and high integration of LSI have been advanced 
by detailed-ization of the MOS mold field-effect transistor (FETrField-Effective-Transistor) by the 
scaling law. It has made it possible for this to keep the property of a component normal at the time of 
detailed-izing by reducing the dimension of the height direction and a longitudinal direction for each 
part of MOS mold field-effect transistors, such as an insulator layer and gate length, to coincidence, and 
to improve the engine performance. 

[0003] According to the scaling law, detailed-izing of an MOS mold field-effect transistor is being 
enhanced, and, as for Si02 gate dielectric fihn, thickness 2nm or less is demanded of the next- 
generation MOS mold field-effect transistor in A.D. 2000 and afterwards. However, this thickness field 
is thickness in which direct tunnel current begins to flow, cannot perform control of leakage current and 
cannot avoid problems, such as an increment in power consumption. Therefore, it is required to earn 
physical thiclaiess and to suppress leakage current, holding down silicon oxide conversion effective 
thickness to 2mn or less using an ingredient with a dielectric constant higher than Si02. Moreover, in an 
MOS mold field-effect transistor, with control of leakage current, since it is a field-effect transistor, 
especially Si interface property is important. Therefore, the gate dielectric film which is a high dielectric 
constant and can hold an interface property good is needed. 

[0004] High dielectric materials, such as Ti02 used as gate dielectric film and Zr02, form membranes 
on Si substrate using a spatter or a CVD method. However, amorphous layers formed in an interface 
with Si substrate of heat treatment of the time of membrane formation or after that, such as sihcon oxide 
(SiOx) of a low dielectric constant and silicate, reduce the capacity between a substrate/gate, and there is 
a big trouble that it is difficult to form the gate where conversion thickness is small enough. 
[0005] In recent years, a high dielectric constant and low leakage current are reported, using a rare earth 
oxide as gate dielectric film. For example, 1.4nm [ of conversion thickness ] and leakage current 5x10-9 
A/cm2 is realized using Pr 203. (H. J.Osten et al. and Technical Digest International Electron Devices 
Meeting 2000) However, -0.5nm of amorphous layers is formed, and they are not made as for 
conversion thickness to the interface of Si and Pr 203 small enough. Moreover, this amorphous layer 
may be degrading the interface property. Although Pr03 is crystallized, the [001] directions of the 
crystal which carried out orientation to (1 10) are distributed in the two directions in which [Oil] or [01- 
1] intersected perpendicularly to Si. That is, two crystal domains exist in an oxide film, and we are 
anxious about possibility that a domain boundary will do bad influences, such as an increment in the 
leakage current accompanying energization. The gate dielectric film with the high dependability which 
maintains a high dielectric constant, without forming amorphous layers, such as silicon oxide, in an 
interface with Si substrate, and can hold low leakage current over a long period of time is not yet 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/5/2005 



JP,2002-289843,A [DETAILED DESCRIPTION] 



Page 2 of 6 



realized. . 

[0006] Moreover, it is reported by the laser ablation method using an ultra-high- vacuum chamber that 
Ce02 (111) grows epitaxially without an amorphous volume phase on Si (1 1 1) substrate 
(Jpn JAppl.Phys34(1995) pp.L688-L690). However, only the case where membranes are formed at a 
room temperature on Si (1 1 1) substrate can grow epitaxially, and it has the trouble that growth 
conditions are limited by the narrow range. Moreover, in room temperature growth, possibility that 
many oxygen holes are incorporated is high, and the trouble that crystallinity is low also has it. By the 
crystalline low film, it cannot use as reliable gate dielectric film. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, in order to advance detailed-ization, 
mamtaining the engine performance and raising [ aim at high integration of LSI, ] it, the insulator layer 
gate dielectric film which is a high dielectric constant and can hold an interface property good is needed. 
However, the gate dielectric film which maintains a high dielectric constant and has high dependability 
is not realized, without forming amorphous layers, such as silicon oxide, in an interface with Si 
substrate. 

[0008] It is made in order that this invention may solve an above-mentioned technical problem, and it 
aims at offering the field-effect transistor equipped with the gate dielectric film which is a high dielectric 
constant and can hold a leak property good. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in this invention, the 
field-effect transistor based on having formed the gate dielectric fihn which consists of oxide containing 
two or more kinds of metals chosen from rare earth elements is offered. 

[0010] Moreover, the field-effect transistor which carries out the description of having formed gate 
dielectric fihn using the solid solution which consists of an oxide of rare earth elements stable as 
trivalent [ at least one or more kinds of] and an oxide of rare earth elements stable as at least one or 
more kinds of tetravalence is offered. Furthermore, in the sohd solution of the oxide of rare earth 
elements stable as trivalent, and the oxide of rare earth elements stable as tetravalence, when the ratio of 
a rare earth metal stable as trivalent makes it the range of 0.2 to 0.4, the engine performance is raised. 
[001 1] Moreover, one or more kinds of oxides of rare earth elements stable as trivalent are chosen fi-om 
any of Dy 203, Eu03 and La 203, Pr203, Nd203, Sm203, Gd203, Tb203, Tm203, Yb203, Lu203, 
and Y203 they are. One or more kinds of oxides of rare earth elements stable as tetravalence are chosen 
from Ce02, Tb02, or Pr02, the solid solution is formed, and the field-effect transistor used as gate 
dielectric film is offered. 

[0012] Moreover, in the oxide containing two or more kinds of rare earth metals, the field-effect 
transistor characterized by using the gate dielectric film in which crystal-face bearing carried out priority 
orientation to the direction (1 1 1) is offered. Furthermore, the dielectric constant of gate dielectric film 
can be raised by carrying out the priority (1 1 1) amoimt of preferred orientation of crystal-face bearing 
90% or more. 
[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained, 
referring to a drawing. 

[0014] this invention persons found out that crystallinity improved compared with the oxide formed 
only with one kind of rare earth metal, when the oxide containing two or more kinds of metals chosen 
fi-om rare earth elements was formed. It is because the migration of the configuration atom of an oxide 
can be raised also at the same membrane formation temperature according to the effectiveness that the 
melting point becomes low relatively by mixing. Especially by the solid solution which consists of an 
oxide of rare earth stable as trivalent, and an oxide of rare earth stable as tetravalence, it is remarkable, 
and crystalUne improvement sticks in that case and explains. 

[0015] These sohd solutions were formed and evaluated, using Ce02 as an oxide of rare earth stable as 
Dy 203 and tetravalence as an oxide of rare earth stable as trivalent. The crystal structure of Ce02 
which is the oxide of rare earth stable as tetravalence takes fluorite structure (CaF2 structure), as shown 
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in xlrawing 1 (a). Ce ion occupied the cubical comer and cubical **** of a unit lattice, and oxygen ion is 
contained in Ce tetrahedron. Each Ce ion was surrounded by eight oxygen ion, and four Ce ion has 
configurated it to oxygen ion, and it has structure without an oxygen deficiency. Tb02 and Pr02 take 
fluorite structure. The crystal structure of Dy 203 which is the oxide of rare earth stable as trivalent is 
C-rare earth structure, as shown in drawing 1 (b). The unit lattice of this structure is obtained by 
combining eight fluorite structures where oxygen ion was missing. In Dy 203, Eu03 and La 203, 
Pr203, Nd203, Sm203, Gd203, Tb203, Tm203, Yb203, Lu203, and Y203, two oxygen ion on the 
diagonal line has fallen out from the unit lattice of all the fluorite structures that constitute these. The 
unit lattice of eight octants which constitute C-rare earth structure has chosen the center of ** of the imit 
lattice in fluorite structure as the zero. In these octants, there is a Dy atom at the center of each **, and 
the core of a unit lattice, and it has six oxygen atoms and two oxygen holes. There are three types of 
octants and these are together put like drawing 1 (b). That is, to tiiere being eight oxygen in the unit 
lattice of fluorite structure, by the octant of C-rare earth structure, only six oxygen is contained but it has 
structure in which two oxygen suffered a loss. 

[0016] Dy2 - the sohd solution (Cel-xDyxOalpha) of 03 and Ce02 ~ molecular beam epitaxy (MBE) - 
- membranes were formed on Si substrate using law, and the X-ray diffraction method estimated the 
crystal property. First, Si (100) substrate which terminated the front face from hydrogen is introduced 
into MBE equipment. Substrate temperature was made into 600 degrees C, Dy and Ce were used as a 
metal evaporation source, ozone (03) was used as a source of oxygen, and the solid solution of Dy203 
and Ce02 was formed on Si substrate. The reinforcement of the X diffraction of the direction over Ce 
and Dy presentation (x) (1 1 1) is shown in drav^ng 2 . In the solid solution, it turned out that diffraction 
(1 1 1) reinforcement becomes strong more than twice compared with Dy203 (x= 1) and Ce02 (x= 0). It 
was confirmed experimentally that crystallinity can be raised from this result compared with the oxide 
which contains only one kind of rare earth metal by forming the oxide containing two or more kinds of 
metals chosen from rare earth. As stated previously, by mixing two kinds of rare earth metals, the 
effectiveness that the melting point becomes low relatively appears, and it is thought at the same 
membrane formation temperature that it is because the migration of a configuration atom became good. 
Furthermore, in x= 0.2 to 0.4, diffraction reinforcement is strengthened notably (1 1 1) so that drawing 2 
may show. An oxygen deficiency is introduced by adding Dy 203 which is the oxide of rare earth stable 
as trivalent to Ce02 which is the oxide of rare earth stable as tetravalence. In this presentation range, 
since the amount of oxygen deficiencies is moderate, as a result of being introduced and promoting 
notably the migration on the front face of growth of oxygen also especially in a configuration element, 
single crystal (111) nature improves sharply and is considered that orientation (111) becomes strong. 
[0017] The interface of the solid solution (Cel-xDyxOalpha) and Si which formed membranes by the 
above-mentioned approach was observed with the transmission electron microscope. The amorphous 
layer was not formed in the interface but it was checked that the soUd solution is growing epitaxially to 
Si substrate. In the interface of high dielectric gate dielectric fihn and Si substrate, if surplus oxygen is 
in a high dielectric film, oxygen will diffuse the inside of the film, it will react with Si by the interface, 
and the silicon oxide (SiOx: amorphous layer) of a low dielectric constant will be formed. As mentioned 
above (1 1 1), the surplus oxygen in the fihn was reduced by raising stronger crystallinity in orientation, 
and epitaxial growth became possible, without forming sihcon oxide in an interface, as stated 
previously, it is reported that Ce02 (111) grows epitaxially without an amorphous volimie phase on Si 
(1 1 1) substrate - **** (Jpn.J.Appl.Phys.34 (1995) pp.L688-L690) - only the case where membranes 
are formed at a room temperature on Si (1 1 1) substrate can grow epitaxially, and it pointed out that there 
was a trouble that growth conditions are limited by the narrow range. Epitaxial growth is possible, 
without being restricted to field bearing of Si substrate, or room temperature growth, if the oxide fihn 
which consists of two or more kinds of rare earth metals by this invention is used. 
[0018] Moreover, this invention persons found out that the specific inductive capacity of the oxide 
containing two or more kinds of metals chosen from rare earth depended to the orientation of the crystal 
of an oxide strongly. The priority (1 1 1) amount of preferred orientation of solid-solution 
Ce0.7Eu0.3Oalpha and the relation of specific inductive capacity which formed membranes by the 
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above-mentioned approach to drawing 3 are shown. (11 1) the priority amount of preferred orientation — 
from X diffraction measurement - asking - the diffraction reinforcement from each field bearing - 
calculate the rate that the integral value of diffraction (111) reinforcement occupies among the sums of 
the integral value to kick. It asked for specific inductive capacity from C-V measurement. (Ill) When 
the priority amount of preferred orientation is smaller than 50%, specific inductive capacity is also ten or 
less low value, but if the priority (1 1 1) amount of preferred orientation exceeds 50%, it will increase 
gently. And when the priority (111) amount of preferred orientation became 90% or more, it turned out 
that specific inductive capacity increases rapidly and the big value 30 is acquired. The specific inductive 
capacity in the case of carrying out orientation in other field bearings and the direction (110) was ten or 
less low value (100). (1 1 1) When a direction was made to carry out priority orientation, namely, when 
the priority (111) amount of preferred orientation exceeded 50%, it became clear to a case that specific 
inductive capacity can be raised in other directions compared with the case where orientation is carried 
out. (100) Although it becomes polycrystal when orientation is being carried out to the direction (110), 
by carrying out orientation (111), single crystal nature is raised and it is thought that a dielectric constant 
increases. (1 1 1) If the priority amount of preferred orientation exceeds 90%, the effectiveness will 
become remarkable fiirther. 

[0019] Correlation was looked at by the priority (111) amount of preferred orientation of the solid 
solution (Cel-xDyxOalpha) and Dy presentation (x) which were shown in drawing 3 . In Dy203 (x= 1) 
and Ce02 (x= 0), the priority (111) amount of preferred orientation was about 20%, and specific 
inductive capacity was ten or less. By making the solid solution, the priority (111) amoxmt of preferred 
orientation becomes 50% or more, and 20 or more are the specific inductive capacity. In x= 0.2 to 0.4, 
especially the priority amount of preferred orientation became 100% (111), and the high specific 
inductive capacity 30 was able to be obtained. That is, in this presentation range, while epitaxial growth 
became possible, without forming a volume phase, the high dielectric constant could be realized, and it 
became clear to have the property desirable as gate dielectric film. 

[0020] Drawing 4 is drawing having shown the cross-section configuration of the n channel MOS mold 
field-effect transistor concerning the fiindamental operation gestalt of this invention. As for a p-type 
silicon substrate and 32, 31 is [ a component isolation region and 33 ] gate dielectric film. The structure 
and the manufacture approach of gate dielectric film are mentioned later. The gate electrode with which 
34 consists of polish recon, and 35 are the diffusion layers (source drain field) into which n mold 
impurity was introduced. The insulator layers (for example, CVD silicon nitride etc.) by which 36 was 
formed in the side attachment wall of the gate electrode 34, and 37 are interlayer insulation films (for 
example, CVD silicon oxide etc.), and the aluminum wiring 38 is connected to the gate electrode 34 and 
the source drain field 35 through the contact hole prepared in this interlayer insulation film 37. 
[0021] The MOS mold field-effect transistor which has structure as shown in drawing 4 is manufactured 
as follows. First, field bearing (100) and specific resistance 4-6 (on the p-type silicon substrate 31 of cm, 
the slot for isolation is formed by reactive ion etching.) Then, the component isolation region 32 is 
formed by embedding the LP-TEOS fihn, for example. The case where gate dielectric film is formed 
using the MBE method as an example is explained. First, Si firont face performs wet processing by rare 
fluoric acid, and terminates a fi-ont face fi-om hydrogen (termination-izing). Next, this substrate is 
introduced into MBE equipment. After making substrate temperature into 600 degrees C and carrying 
out 1 mono-layer vacuum evaporationo of the Ce on Si substrate, using Metals Ce and Dy as an 
evaporation source, Dr and ozone (03) were supplied and the solid solution (Cel-xDyxOalpha) was 
formed. Dy presentation was set to x= 0.3. About Ce, previously, there is that of 1 mono-layer 
attachment **, in order that Dy may tend to form silicide compared with Ce. The solid solution can be 
grown epitaxially without canying out silicide formation by this technique at an interface. 5nm 
laminating of the high dielectric gate dielectric film 33 which consists of the solid solution was carried 
out. 

[0022] It became possible to grow epitaxially the gate dielectric fikn which carried out priority 
orientation to the direction (111) 100%, without forming amorphous layers, such as silicon oxide, in an 
interface with Si substrate by using the above manufacture approaches. The silicon oxide conversion 
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effective thickness of the gate dielectric fihn produced with this operation gestalt was able to attain 
0.67nm. When the oxide only containing Dy203 and one kind of rare earth called Ce02 was used for 
gate dielectric film, while Inm of silicon oxide was formed in the interface on the other hand, it was 
impossible to have realized conversion thickness 2nm or less which silicon oxide conversion effective 
thickness is set to 2.5nm or more, and is required of the next generation LSI. 
[0023] In order to produce an MOS mold field-effect transistor as shown in drawing 4 , after a gate- 
dielectric-fihn making process, by the chemical- vapor-deposition method, the polish recon film is 
deposited on the whole surface, patterning of this polish recon film is carried out, and the gate electrode 
34 is formed. Then, for example in 450 degrees C, the pressure of O.lPa - 1 atmospheric pressure, the 5- 
200nm CVD silicon nitride 36 is deposited, using the mixed gas of SiH4 gas diluted with nitrogen gas, 
and NH3 gas. Future processes are the same as that of the production process of the usual MOS mold 
field-effect transistor. That is, the ion implantation of arsenic is performed, for example by acceleration 
voltage 20keV and dose 1x1015 cm-2, and a source field and the drain field 35 are formed. Then, by the 
chemical- vapor-deposition method, the CVD silicon oxide used as an interlayer insulation film 37 is 
deposited on the whole surface, and opening of the contact hole is carried out to this interlayer insulation 
film. Then, aluminum film is deposited on the whole surface by the spatter, and the MOS mold field- 
effect transistor which has gate dielectric film as shown in drawing 4 is completed by carrying out 
patteming of this aluminum film by reactive ion etching. Thus, it turned out that the good property is 
acquired fi-om the produced MOS mold field-effect transistor having little interface state density, and the 
mobility of an inversion layer being high. The leakage current in gate voltage IV was 2xl0-3Acm-2 and 
a low value. Moreover, having the high dependability which gate dielectric film is a high dielectric 
constant, and can hold a leak property good was confirmed from life test. 

[0024] The example which changed the manufacture approach of the gate dielectric film of an MOS 
mold field-effect transistor of having structure as shown in drawing 4 is explained as 2nd operation 
gestalt. First, like the 1st operation gestalt, the slot for isolation is formed on a silicon substrate, and a 
component isolation region is formed. Si (1 1 1) substrate which terminated the front face from hydrogen 
is introduced into MBE equipment. After making substrate temperature into 600 degrees C, carrying out 
1 mono-layer vacuum evaporation© of Ce and the Pr on Si substrate, using Metals Ce and Pr as an 
evaporation source and terminating Si front face, oxygen gas is supplied and 8nm laminating of the solid 
solution (Cel-xPrxO alpha:x = 0.5) of Ce02 and Pr 203 is carried out. Without forming silicon oxide in 
an interface with Si substrate by using the above approaches, it grew epitaxially and the thing of the gate 
dielectric film which has a high dielectric constant was able to be carried out. At this time, the priority 
(111) amount of preferred orientation of a proper object was 95%. The silicon oxide conversion 
effective thickness of the gate dielectric film produced with this operation gestalt was able to attain 
0.8nm. The specific inductive capacity of the solid solution is 40, and it was checked that a value higher 
than the dielectric constant 30 (H. J.Osten et al. and Technical Digest International Electron Devices 
Meeting 2000) of Pr 203 which carried out orientation to (1 10) is acquired. It was confirmed that the 
good property is acquired from the MOS mold field-effect transistor using this gate dielectric fihn 
having little interface state density, and the mobility of an inversion layer being high. The leakage 
current in gate voltage IV was 5xlO-6Acm-2 and a low value. Moreover, having the high dependability 
which gate dielectric fihn is a high dielectric constant, and can hold a leak property good was confimied 
from life test. 

[0025] In addition, although the operation gestalt mentioned above explained the oxide which consists 
of Ce and two kinds of rare earth of Dy, Ce, and Pr, the oxide which contains two or more kinds of 
metals in 17 kinds of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y, and Sc which are 
rare earth can be used as gate dielectric film. 

[0026] Moreover, as an example of the soUd solution which consists of an oxide of rare earth stable as 
trivalent [ at least one or more kinds of], and an oxide of rare earth stable as at least one or more kinds 
of tetravalence, although Cel-xDyxOalpha and Cel-xPrxOalpha were explained One or more kinds of 
oxides of rare earth stable as trivalent are chosen from any of Dy 203, Eu03 and La 203, Pr203, 
Nd203, Sm203, Gd203, Tb203, Tm203, Yb203, and Lu203 they are. One or more kinds of oxides of 
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raffe eartht stable as tetravalence can be chosen from Ce02, Tb02, or Pr02, and the solid solution can be 
formed. 

[0027] Moreover, although it was shown that a dielectric constant becomes high in the gate dielectric 
fibn in which crystal-face bearing carried out priority orientation to the direction (1 1 1) by making Cel- 
xEuxOalpha, Cel-xDyxOalpha, and Cel-xPrxOalpha into an example as an oxide containing two or 
more kinds of rare earth metals The oxide which contains two or more kinds of metals 17 kinds of La, 
Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Y, and Sc which are otherwise rare earth of 
inside can be used. Also in this case, the dielectric constant of gate dielectric film can be further raised 
by carrying out the priority (111) amount of preferred orientation of crystal-face bearing 90% or more. 
[0028] 

[Effect of the Invention] According to this invention explained above, the field-effect transistor 
equipped with the gate dielectric film which is a high dielectric constant and can hold a leak property 
good can be offered. 
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±0 4 W t L- T ^^=S:^±«7C-^<?)K-ft!f^ilA^ ^> =5: ^ llvS 
f-ts-CJ) C t 5r#®t-r SW^Ji 1 IMcom^j5&m h 7 

[IS*« 3 ] 1912 3 fl t L T S^:Sr#±^7C*coiS^t 

[ii5RJS4] mia3fllii:tT^^=5:#±3i7C^«ol!'fb 
iBj*«Dy203, EuOS, La203, Pr203> 
Nd203, Sm203, GcI203, Tb203, T 
m203, Yb203. Lu203, Y2O3C0Mil*> 
<t 0 1 WiliLh«tf?5ix, 8irie4Wfc LT$^=5:#±» 
7Cill<0l!^b!|?!*<C e O 2 , Tb02, P r O2<0MiTj6» 

7y'j7.9. 

<0^«5r-i-tfi?-fb!t^l=i5V^-C, MB^Bffi:fr{a*^ (111) 

crm.^^^V'yy'Jx^ . 

[ 6 ] mw^±mmt^^m\tfttz 2 asijui 

cO^JSz-^tfSS'fktetCfct.^T. SB^affi:^{a«0 (111) 
fiBfeElfil«**'9 0 %ULt-e3!> ?>ZbmLt Ltzn^T^ 5 

[00 0 1] 

[0002] 

[ s&*c7)*r<*j 3 L s I (Ti^mt Mmmmt^ y- u > 

^^''WHZihMOSmM^^hyy'y^i^ (FET: Field 
-Effective-Transistor) ffiWlMitiZi -iXMl^^tlX 

yyi^X:}^co=S-^^^m^:tj[i^tmfil^<7)^imm^z 

[0003] xir-vy^^mizxht. Mossm^ja 



ozy- h ^^^{i 2 n m\:XY<r)mmt^S ^tlX^^i, 
i!ItI^^oraliJlllie!T•i;^-v^. ioT, Si02J: Oi^l^H^ 

Tii 'J - ^ 1S»i£<50}fnSi| i i: i> 'l^^S h 7 > 
v-';^ -C'S) S ^ca6tc , Si #ffi!Rptt*«^tcag-CJ> I. . 

[00041 ^'-h^^lPi: LTfi6ffl$itSTi02^ZiO2 

fsiji&aicj: 0 s i ms.tcr>^mi.zm&$fi^&mmm<r> 

i'ynyK'fkJK (SiOx) *?»i^y^r-h^:i:'iOTt;!'7r 

[0005] iff^. ^±m&im^y-ymmm.t lx 

fflv\ li^^m*i:<K'>'-^?«»iE*^fg^$^^T^^^. mx. 
tf, Pr2035:fflV^-C. maciKJil. 4nm, U-:? 
^5X 1 0- 9 A/cm2 *<|eK$tr'rv>S. (H.J.O 
sten et al., Technical Digest International Electr 
on Devices Meeting 2000) t*>L^*^<c>, S i i: P r 
2 O 3 1 cO#BtCJir ^r/P^ rxmifi— 0 . 5 n mjg^ 

^tixh'o, ^^S[lKJl^i+:»■^^/^$<{i:^^l*•rv^^v^. 

«r«gtttJ>S. Pr0 3{ie^tffkUTV^S*<. (11 

0 ) {cEfS] L7t^B^B<^ [001] -fjm±. s i tcj^ tr 
[ 0 1 1 ] XJi C 0 1 - 1 ] cTjitX L-f^2'?£0:frf6]tc^ 
^SLTv-iS, o^O, 2oc7)^H^BK^^>-*-'B!-fl:^4'(c 

[00 06] Sf^, @^SKS^A'W^'^rfflV^}^^^— y'T 
yu-v-g ^ffitCct 0 . Si (111) W^1XZT=^)V 
7rX<7)|1l®iiMLtCCe0 2 (111) *>'xfcr:?dfi/ 
\)V^m-h:ibti^m.^^iVZ^^h (Jpn.J.Appl.Phys. 

34(1995)pp.L688-L690) , U*»L^:*«<?>. Xf^J'^fv- 
■v;Uf£:gT-|'^cO(3:S i (111) »K_h{C^aT^ 
l,tz^<r):hX'hO . ^^Sf^ti^Wi\-^^\izWM.^ith 



t0007] 

[ftmti^m^LX 0 fthmm\ iiKnii o l s i 

C 0 0 0 8 ] *%B3{±±M^OilS5:»^?^-rS^ca6{c^:$ 
[0009] 

[0 0 10] t.fz. iJ'-:S:<i:t lfflSia±c^3«i:LT 

C 0 0 1 1 ] Sfiliti: LT^^^±IS7C^<0S?^ 

itfOfrDy 203. Eu03, La203, Pr203, 
Nd203. Sm203, Gd203. Tb203, T 
"111203, Yb203. Lu203, Y'2.0^<n^fdy 

W!C^^C&01^ Tb02, P r020Mil*»*^^> 1 

[0 0 12] tfz. 2im.a±<^^±M^t:^tsmt 
mz}i\.^x, ^^muiiLti^ (111) :^[6]tcS5feiei6]L 

>i^x9t:imrth]. ^e>^z. m^Bm-n^<n ( 1 1 d 

@$feSr6lJg2r 9 0 %ULh-r .S ^ i: (c i 0 . hje^ffi 
[00 13] 

[0014] *l%B^^>J±. ^iJaTcSA-^jStfiX^ 2 
i. d ^ . S-^-r ■!> CI h J: 0 ffi*tW(clL^,** 
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[0015] 3mt LX'§c'&-^£^±'m<nmmt lt d 

y 2 O 3 , Amt LX'^^^j:^±m<^mimt LTC e 

LX'^^^j:^±M.<nmmx'hh c e o 2cr>i^^um 
mi. mi ( a ) tc^p-r J: 3 (c;fv siv^mm ( C a f 2 

Ce'f^>'{S|BIiti,8ifflcOg5#>f;r>-{cHiixSS* 

'f 7r>-tCi±4<iCOCe^::1->-*ii£{aLrf>0. 
<?)^V^^i3Si:^-:)•CV■>5. Tb02, Pr02t*:5';U 
5«3t5rBX , 3 «i: LT^S^f&±«<7)K-ft:%T'S> S 
Dy 2O3C0!SH^Bfii3t{±, 01 (b) l,Z^-t X 0 I.ZC - 

tiixi,. Dy203, Eu03, La203. Pr20 
3, Nd203, Sm203, Gd203, Tb20 
3, Tm203, Yb203, Lu203, Y203-C 

t^£^nnm.±.^zhh2m<:n^^'i-^>tmiix\^h. c 
m<r)'^^t^m^<r>^'t-t,zh 0 , 6fico^«js^fc 2 

"9, ::ti.«.**l2l (b) <0J:dtcffl;?i-&i5$ixt:v^S. 
-5 »5 , * 9}v:Bmmcr)S$.im=!-iz\.t 8 ffl<^i!^*-'S> s 
(OtCittr. C-#±«jt<0^:7:?yb-e{±6ffl<OS!^ 
L*>^*tT.T*3*,-f, 211<7)^**:X«L^:*85ti:^ro 

[0016] Dy20 3fcCeO 2<7W^W. ( C e 
1 _ ^ Dy, 0„ ) {i^^^^Xb-^dfS^- (MBE) a 

i (10 0) a«SrM B E^gtc^A-T^S . *«fflKSr 
eOO-CfcL, :^lllSf6ilfcL-CDytCeS:, 
i: Lt:Jty> (03) SrfflV^TS i S^JilC D y 2 O 3 
tC e02c7)llK§«c$r^Lit. I221C, CehDya 
^ ( X ) hzm-h (111) :frr&]<7)X^|lI»f<0^JS?r^ 
ll^f*ct:-{±, Dy203 (x=l) , Ce02 (x 
= 0 ) tCJt^T, (111) lElt?r^*A>2fgliLh^^^ 
^tijihii^-^fz. Z(r)m^ii-h. ^±mi}^hm.ltilfc2 

mii^j±<o^Bt:'ktjm<m^:mm'i> ztizx^. i 

fz. ^izm^tzXolz. 2^<7)#±ia^JS^£rS-g-rs 
M^T-«iffi^RJg^^<7) ^L— 3 yifiB: <^j:-ofzfz 



tc, x = 0. 2A'^>0. 4co|EH-C{iai=lC (111) 
mX'$> SCe02t=3fffii: LT^^^riffi±-3a<0iE^k!|%lT- 

-f J^l— ^*«^^tC(£jlSil^cM«. ( 1 1 1 ) m 
5go1itt*^";*:1§lc[Si±L (111) E|6i*<^<=5:S 

[0017] ±si<7)'fjmx'^mLrcmmp^ ( c e , _ , 

Dy, O, ) t S i i:c7)^®^^«^ISiSli-CfSmL 

L-^ffiT's i tRmLzimmm<r>i^v nywam (si 

Ox : T't/l'^rxm) i}^mm.^ixx d . ±3i<r>X o 
( 1 1 1 ) gH|tn^^i6feattiJriSJ^I,^i:{c<k0^4' 

SC:i:'5r<a:tr:J'df>'-v;u««*f5r||i:^:oy::. ^izm 
^fzXoliZ^ Si (111) S«±cr^:/l^7r^(7)-^ 
B5«fett::C e O 2 (111) **xtr:5'^i^^;P^:S-t 
Sii:*^$g^$ixTV%^ (Jpn.J.Appl.Phys. 34(1995) 
PP.L688-L690) Xl^:J'^i'A*;P^ftT-|= S«0{S s 1 

(111) mm±izmi&x'^muz^cr,^Th'o . ^ 

^s®!-fug^fflv%s fc s i miK<r>m:fTi^L'^mm.mzm 
m^ti^zb^K. Ji\^^^i^-rJi'mm^mx'-$>i>. 

- [0 0 18] ilfc. 2|s:^BH#^>{i*dJi*>^>S{fil^2 

:fe-ft-C^t/v:limC eo. 7EU0. 3 0„(^(1 

1 1 ) m:mm&bitmmm<r>m^^7ri-r. ( i ii ) 

(Offi:^l4*^^,oiiitff^jgfc*t'i)a:«-ffl(osi<7)p^, (1 
1 1 ) mm^<m.%ms^^»>hm^^f^ht:i\,<r>x' 

J>i.. ik«m*{±c-v-ais*»f,«ft7t. (Ill)© 
<7^\^mX'hhtS^. (Ill) ®5feE[6liS*J5 0%?-iS 

i.5fc^*HcmiD-r-5.. -etT, (111) g^feEitii 

9 0 %UUi fc ^ i. fc , itl^*{i.mSftcii;^ L , 3 
0 fc u ^ ^ffi*»'i# ^>ixs c: fc ii^ht^':>fz . m.(r>mfi 

mtii (10 0)^(110) *rfijcffii6iLTv^5 
m^cr>immmti i omTioffiv^iiTS)^/^. ( 1 1 
1 ) yjmz^Ms.f^^'tfc^^. ip*>. ( 1 1 1 ) ®5t 

EitnS*«5 0%5-gi.Sfc|:#^{c«. fficD:6-i6]tffirai 
Ltzm'^iztt^itmmmi:-fiify^ z b ti^x-^ &zbt/^ 
t=i)-b ^x-ofc, (10 0)^(110) :Sri6]icffii6i Lx 
v^Si®-g-tc{±^feafc=2:S*«. (ill) sm^itiz 
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fclcj; 0#3^B^Btt*W^>fiT . tS«*A>'it:*:^l, fc# 
;c.^.it-i.. ( 1 1 1 ) ffi5tiei«]J!£*^'9 0%$r^3;c.l.fc$ 

[00 19] laStC^LT'clIrSfr (Cei-.^Dy^O 

„ ) CO ( 1 1 1 ) g5feser6]jsfc D y^pJc ( X ) t,zhmm 

ii^^totlfz. Dy203 (x=l) , Ce02 (x = 
0 ) O^-^Ji, (ill) 8BfeiBlfiI)t«i 2 0 %MST'i> 
0, itl^Wil OWTT'ft-:)?^, ll?Sfr$:f^'S.Cfclc 
J: 0 (1 1 1 ) m.^W.^mi5 0%VX±.l.zti:^\mVM 
«i2 0W±{C^S, t^tc, x = 0. 2i}->ty0. 4(7).€ffl 
Tti ( 1 1 1 ) ffi5tie(6lS{± 1 0 0%fc^O. 3 0fcl.^ 

fc ^<xt:^ df i^A';i'fig;R*nsrsgtc: 
^■g. fc fc t tciSm«*^*3ST-^ , hje^Jgfc L-C 

Lv^!»t4$:(ii.-CV>|,c: fc*«BJA>*>fc^-:./i. 
[ 0 0 2 0 ] H4«i. 3ls:^Bfl<OS2|s:W'5rllMJ^®C-^±> 
S n ;^/PM O samiH»* h 7 >- i'';^ «Ollrfflffl« 
Sr^LTtHT'J)!.. 3 l(ipSi^U3yS«, 32{±* 

3 3My-vmmx'h^. y-vymm 
Jl (y-;^ • YV-fyWii) X'hh. 3 6{i, y-hm 

H 3 4 cOi!lMlcm$ fi;t^)^ ( Wi-tfCVDv- y 3 y 
M-ftK^rfc') . 3 7{±aSJeigkl^ (W;cliCVD>'U3^ 
mm^j: fc' ) T-J) 0 , d oaraite^JS 3 7 ic^tt ^>ix^.: 
3>'^':7h?LSr:ft-LT. y-h«fii34fcJ:l^V-X • 

H U>f 3 5 tCAl 1^ 3 8 *««M$*tT V . 

[002 1] 04lC^L7tia^^iSS:^-r'S.MOSa 

•f, ffi:Sr<2 (1()0) . ifcgt(i4~6 (cmOi^v-'Ja^^ 

3 lite, ^-tt-fjfvxvf-Vi/lciJ:*), ^^M<^ 
;ta6«0«5:m-r-i>. ^V^T, fi?yt(fLP-TE0S^S:Si6 
3=t/d fclc J: '9^^SI^1^3 2 -^rmWi-th . -Mb L 

X. MBEm^m\'^xy-htmm^:mm-hm^iz-:> 
\'^xmm-tt, simmat-r. ^^-yis-ox-y 

mz. c:oa«[2rM B Rmmzmx-ti> . ««ias^ 6 

OO'Cfct, ^CebGy^mMMbLXm^^XS i 
«:K±tCC -^mm Lfz^. D r fc jJ-V^V 

(03) ^flfc*&tTSim (Ce J _ , Dy, 0„ ) i 
^Lfc. Dyffl^£{Sx = 0. 3fcLf^. Ce^5fe(Cl 
^: y l"f -VWttS C0{± , D y e iZit^X >- U -< K 

Fm-rSC:fc^r< , @Sit:arxe:?^v'A';U«:aT 
@m75i>'5>=5:-5am«*y-hJ^iK3 3{15n 

[0022] ±a«0 J: ^ ^:SBt:6-^$rfflv^4 C fc (c J: 
•5, s iSSfc<o^®tCi^'J3>'i!^l:ffi=5rfc'cor^:;u7 
r^ilA<je«$ii^c:fcil<, ( 1 1 1) :fr|6ifc:i 00 
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igcoi^ 'J 3 ymitmmn^mm.it o. e 7 n m $-iiB!t 

■thZbifX'ttc. —-n. Dy203. Ce02i:V^-5 

i/UnyK<ldSmS:*^*^i±2. 5nmW 
± t ^ 0 , J?: Ift L S I ixS 2 n miaT^O^S: 

t 0 0 2 3 ] 04 Ic^kLt^c J: a t^MOSWM^n^ h v 

. ^k^mffl^sstc J; -7 T -i^ y y 3 ^^S: ife® ictt 

fli342:mTS. SiV^T. 0»i.{f4 5 OX:, E^JO. 

t NH3 A'X(nm.^:^'X $r ffl V ^r . 0!l (f5~200nmiOCVDi^ 

O S am^^ h 7 > i^'^ rJ' ^i^RitXS i: isisi-e* s . 
■r^i5*>, 0iJi.{faa3E€ffi2OkeV. F-XSlxlQis cm 

^m^zmm-mm 37i:^§cvDi/y3 >m.im^im 
L. ^<r>mfgsmmi.zay99vii^mnrh. m.^ 
X, xj-^y^mizx-ox-kmizMm^mmL. zmm 

tt^iO, a4{c^LJtci:o^y-h|g^K&^-ri.M 
tc#tt*i#<?>tit vi|> i: *Ji?*>r>/v:. y- 1 v 

-k:fettS'J-^mSS{±2X 1 0- 3 Ac m- 2 t&\>^ 

mx-t^-^v-^nms^mzum'^ ?>m^^mim^^ 

[0 0 24] 04tc^t;tJ:a^:«ji5-^r-rsMoss 

Ltzmiz-^^^x^2(7)mmmtLxmm'r^. t-r. 
mi<7imsmistmmi.z^ i^v^ymL^izm^f^mtr) 

mX'9-i^^-( h LfzS i (111) *«$rMBEga 
(cmX-ti>. mm^ire O O'Ct L, e i: P r 

Sr^^aii: LTfflV^T S i ««_h{CC e t P r ^ 1 

u-(^m^Lxsimm^9-i^^-( hLfzm. mm^' 

X^rmikLX. Ce02i:P r 203(7)S^f<£ (Ce 
i_^Pr^O„ :x = 0. 5) 5: 8 n maSf , ± 

i,zz^u-:iym{mi}mm^tL^'itm<. »mmm?:m 

3t. zcok^. @*«cc7) (111) g5feS(6liS«i9 5% 
^-KftK^ieajJIiffii 0 . 8 n m Sratfig-f 4 C t ifiX' 



^fz. mmti^(r)ittnmmit4 ox-ho. (i i o > tcE 

(SlL^^lP r 203<7)|^«*3 0 (H. J.Osten et al. . Te 
chnical Digest International Electron Devices Meet 

ing 2000) xnhm^mi^m^tiizt^mm-^ixfz. 
zcoy-himm7:m\'-^fzMoswM^^^h^y=jx 

tifz. y- h«jE 1 vici3(t-s. y 5x10 

- 6 Ac m- 2 t{Si\'^mX'$ir>fz, tfz. 

mnx'^^m^mmit^^^^ztiimt^^tifz, . 

[ 0 0 2 5 ] ^t>, ±i^L7t:iyfeJ^.^T'«±, C e D 

y , c e t p r<7)2mm<7m±mi}^h^imimiz'>\,^ 

XmmtfztK #±«T'$)-5.La, Ce, Pr, Nd, 
Pm. Sm, Eu, Gd, Tb, Dy, Ho, Er, T 
m. Yb, Lu, S ctfO l 7^0d*> 2^1iUL 

[0026] tfz. 'Jf^j:< k t 1 ^^Xljnsmt LX 

k Lx^-&^j:^±m<7im-^m-t>^£hwmiiii<r>mk l 

Cei _^Dy^O„i:Cei_^Pr^O„S:itt 
BHL^*i, 3 Wfc L-C^«^±^c^Sl<l:!H»5-D y 2 O 
3, Eu03. La203. Pr203. Nd203, 
Sm203, Gd203, Tb203, Tm203, Y 
b203, Lu20 3coMtT.*»J:0 lSSJil±3ltl?t, 
4 mk tT^^^r*±5®«0K^k!fet: C e O 2 , T b O 

2 , p r o 2 iowa*>*»<i> 1 mmimsi LTiims- 

[00 27] d;^. 28BaJjUic^^&i^^$-^t?ig-fk 
?&i:LTCei _ ^ Eu« 0„ , Cei _ ^ Dy 
« 0„ , C e 1 _ , P 0„ Sr^Jt LT, ^a^B®:^fi[ 

( 1 11 ) ■)jmzm.mL\^Ltzy-vim.m^zi6\,^x 
^mifm<^j:i>zk-kmi.tzi3K mzi,^±mx'hh 

La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, T 
b, Dy, Ho. Er, Tm, Yb, Lu, Y, ScO 

1 7«®io -5 *, 2wm:xh<r>^t:^tsm.im^m\.^h 
zki}^x'%h. zcom-^^zi,. m^Bm-ifm.co ( 1 1 1 ) 
m^m^i 9 0 %a±-rh zkizx^. y~ hfe^jw 

<7)m^m^ $ ^ icSab § C i: A«f # . 
[0028] 

[fKB«os6S] i^i±MmLtz^^mi,zj:h.i£. mmmm 
T-*>o u - i?#tt^ mif tcsift-C' ^^y-h ^mi:m 
ttzmn^^ h y yi^x^^m&^-rt z k *<-c# s . 

mil Ce02S.l/Dy 203cr)^B^B:^5:iKBtt--S 
[02] mmf^ (Ce 1 _ , Dy^ 0„ ) tCfcftSDy 

ffl^ ( x) fc ( 1 1 1 ) mtff^m<r>mmi^-mmm. 

[as] (Ceo. 7EU0. 3 0<.)tCi5{tS 
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(111) f^mf^&titmm.m<r>mm^^i^mm. 
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- y-h^mm 
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3 6 ■ 


■■ CVDv-V nygft® 




3 1 ••• i-'Jziym^ 
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3 2 ••• m^-ii-mm^ 
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[01] [02] 




[03] [04] 
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^IlRS5J||mJll«{r^7#E^]^rSI«^IJr i mm m 
^^itjKsigfis gan-fe >- -1*1 



Fi^—Mm^) 5F058 BC03 BC20 BF20 BF29 

5F140 AAOO AA19 AA24 AA39 BAOl 
BA20 BD13 BEOl BE09 BFOl 
BF04 BG08 BG14 BG28 BG52 
BK13 CA03 CB04 CC03 CC12 



